Citrus limetta Risso (Rutaceae), commonly known as sweet lime in English and Mousambi in India, has been traditionally used for several medicinal purposes. This study explored the relationship between Citrus limetta fruit peel and its antitumor activity against Ehrlich ascites carcinoma (EAC) bearing mice. The antitumor activity of methanol extract of peel of Citrus limetta fruits (MECL) was evaluated against EAC cell line in Swiss albino mice. Twenty-four hours after intraperitoneal inoculation of tumor EAC cells in mice, MECL was administered at 200 and 400 mg/kg body weight i.p. daily for nine consecutive days. On the 10 th day, half of the mice were sacrificed for the estimation of tumor growth (tumor volume, viable and non-viable tumor cell counts), and hematologic parameters (red blood cells, white blood cells and hemoglobin). The rest were kept alive for assessment of survival parameters, i.e. median survival time and percentage increase in life span of EAC bearing mice. Intraperitoneal administration of MECL at the doses of 200 and 400 mg/kg for nine days to the carcinoma induced mice demonstrated a significant (P<0.001) decrease in tumor volume, viable tumor cell count, tumor weight and a significant (P<0.001) improvement in hematologica parameters and life span as compared to the EAC control mice. The present study establishes marked and dose dependant antitumor effect of C. limetta fruit peel against Ehrlich ascites carcinoma bearing Swiss mice.
Introduction
Cancer is considered to be one of the deadliest causes of morbidity and mortality worldwide. Unfortunately, currently available cancer chemotherapeutic agents insidiously affect the normal host cells, especially bone marrow, epithelial tissues, reticuloendothelial system and gonads. 1 Plants have a long history of use in the treatment of cancer. A number of plant or other natural product extracts have been studied for anticancer activity leading to the development of several clinically useful anticancer agents. 2 The natural products act by different and distinct mechanisms and/or precipitate less serious side effects. Therefore, today natural products are regarding as being exceptionally valuable in the development of effective anticancer drugs with minimum host cell toxicity. The rich wealth of the plant kingdom can represent a novel source of new compounds with desired therapeutic activity against neoplastic diseases. 3 Citrus limetta Risso (Rutaceae), is commonly known as sweet lime in English and Mousambi in India. The plant is indigenous to South America. 4 The plants of the Citrus genus are renowned for their medicinal properties which are attributed to the limonoids and flavonoids present in them and which are thought to be responsible for their use in traditional antitumor and anti-inflammatory treatment. 5, 6 In Mexico, its fruits are used for their antihyperglycemic and antihypertensive activity. 7, 8 The leaf extract was evaluated for its antagonistic activity on the hypertensive action of angiotensin II. 8 The fruit has shown anti-inflammatory and antithrombotic action. [9] [10] [11] The fruit peel has shown potent anti-inflammatory activity at the dose of 400 mg kg -1 when compared with phenylbutazone. 12 C. limetta root extract at the concentration of 500 µg/mL was found to be lethal towards the larvae of brine shrimp (Artemia franciscana) in a study conducted in the Amazonas state of Brazil, which serves as a pre-screen to existing cytotoxicity and antitumor assays. 13 Flavonoids hespiridin and naringin are found to be present in the peel and inner part of the fruit of C. limetta. 10 The essential oil constituents, namely -pinene, -pinene, sabinene, -myrcene, para-cymene, limonene, -terpinene, neryl acetate, -bisabolene, -bergamotene, were isolated from the zests of C. limetta. 14 Limonene, -terpinene was isolated from the fruit peel and their minimum inhibitory concentration and maximal tolerated concentration was estimated against Pseudomonas putida. 4 The present study aimed to evaluate the possible antitumor effect of C. limetta fruit peels against Ehrlich ascites carcinoma (EAC) in Swiss albino mice. 
Materials and Methods

Plant material
Preparation of extract
Fresh mature fruit peels of C. limetta were removed from the fruits manually, taking care not to include the membranous matter and pith. The peels were shade-dried at room temperature (24-26°C) and ground mechanically into a coarse powder. The powdered plant material (500 g) was macerated at room temperature (24-26°C) for seven days in petroleum ether and successively methanol. The methanol extract was evaporated under reduced pressure to obtain the dry extract [methanol extract of peel of Citrus limetta fruits (MECL) yield: 10.56% w/w]. The MECL was then stored in a vacuum desiccator until used. Preliminary phytochemical studies were performed on MECL as per reported methods. 15 
Drugs and chemicals
Sodium chloride, trypan blue, methyl violet, methylene blue, 5-fluorouracil were from Merck Ltd., Mumbai, India. All the other reagents used were of analytical grade and were obtained commercially. 
Experimental animals
Male Swiss albino mice weighing 20-22 g obtained from Reeta Ghosh and Co., Kolkata, India, were used for the present study. They were acclimatized to the laboratory conditions for seven days prior to the study. The animals were kept at 25±2°C and a relative humidity of 40-45% with alternative day and night cycles of 12 h each. The animals had free access to pellet food (Hindustan Lever, Mumbai, India) and water ad libitum. All experimental procedures described were reviewed and approved by the University Animal Ethical Committee, Jadavpur University (367001/C/CPCSEA).
Acute toxicity
The acute toxicity of the extract was determined according to the OECD guideline n. 420 in male Swiss mice. 16 MECL was given orally to four groups (n=6) of animals once at 5, 50, 300 and 2000 mg/kg body weight (bw). The treated animals were kept under observation for 14 days for mortality and general behavior. No death was observed till the end of the study. The test extract MECL was found to be safe up to the dose of 2000 mg/kg.
Preparation of tumor cells
The EAC cells were obtained from Chittaranjan National Cancer Institute -CNCI, Kolkata, West Bengal, India. The EAC cells were maintained in the ascitic form in vivo in Swiss albino mice by means of serial intraperitoneal transplantation of 2×10 6 cells/mouse after every ten days. Ascitic fluid was drawn out from EAC bearing mouse eight days after transplantation. The freshly drawn fluid was diluted with ice-cold sterile normal saline and the tumor cell count was adjusted to 2×10 7 cells/mL by sterile normal saline. 17 
Treatment protocol
The animals were divided into five groups (n=12). Except for the first group, all groups received 0.1 mL of EAC cell suspension (2×10 6 cells/mouse, i.p.). This was taken to be day 0. The first group served as normal saline control (received isotonic saline 5 mL/kg body weight i.p.). The second group served as EAC control. After 24 h of tumor inoculation the 3 rd and 4 th group received MECL at the doses of 200 and 400 mg/kg body weight, p.o. respectively, and the 5 th group received the reference drug 5-fluorouracil (20 mg/kg body weight, p.o.) for nine consecutive days. Twenty-four hours after the last dose and after 18 h of fasting, blood was collected from 6 mice of each group by cardiac puncture for the estimation of hematologic parameters. These mice were then sacrificed by cervical dislocation for the study of antitumor parameters. The other 6 mice of each group were kept alive with food and water ad libitum to assess the increase in the life span of the tumor bearing hosts. The antitumor effect of MECL was assessed by determination of tumor volume, viable and non-viable cell counts, median survival time (MST) and percentage increase in life span (% ILS). 18 
Tumor volume
The ascitic fluid was collected from the peritoneal cavity. The volume was measured in a graduated centrifuge tube.
Tumor cell count
The ascitic fluid was taken in a white blood cell pipette and diluted 100 times. Then a drop of the diluted cell suspension was placed on the Neubauer's counting chamber and the numbers of cells in the 64 small squares were counted.
Viable and non-viable tumor cell counts
The viability and non-viability of the cell were checked by trypan blue dye exclusion assay. The cells were stained with trypan blue (0.4% in normal saline) dye. The cells that did not take up the dye were viable and those that took the dye were non-viable. These viable and non-viable cells were counted.
Cell count = (n. of cells × dilution factor)/(area × thickness of liquid film)
Median survival time and percentage increase in life span
The animals were observed for their mortality daily until their death or up to a maximum of 45 days. Mortality was monitored by recording MST and percentage increase in life span (% ILS) as per the following formulae:
MST* = (first death + last death) / 2 where * is time denoted by number of days. % ILS = [(MST of MECL treated group/ MST of EAC control group) -1)] × 100
Hematologic parameters
Collected blood was used for the estimation of hemoglobin content; red blood cell count and white blood cell count. 19, 20 
Statistical analysis
Most data are expressed as mean ± standard error of mean (SEM). Statistical significance was calculated by one-way analysis of value between the treated groups and the EAC control followed by Dunnett's post hoc test of significance where P<0.001 were considered to be statistically significant. For this, the Graph Pad Prism software version 5.0 was used.
Results
Preliminary qualitative phytochemical analysis revealed the presence of flavonoids, alkaloids, tannins and saponins in MECL. In the present study, intraperitoneal administration of MECL at the dose levels of 200 and 400 mg kg -1 body weight increased the life span, non-viable tumor cell count, and decreased the tumor volume and viable tumor cell count compared to the EAC control mice (Table 1) . MST being an average of the first death and the last Article death time in a group, there was no SEM value for calculation. Percentage increase in life span was calculated for each group by comparing the MST with that of the control group. Therefore, no SEM value was reported. Similarly total cell count was the additive total of viable and non-viable cell counts in a group. Therefore, no SEM values were reported. The percentage viable and non-viable cells were calculated by comparing the viable and nonviable cell count with respect to the total cell count. MECL also restored the altered hematologic parameters of the EAC bearing mice near to normal levels when compared to those of EAC control mice (Table 2) .
Discussion
We aimed to study the antitumor activity of defatted methanol extract of C. limetta fruit peel in EAC bearing mice. Our results showed that MECL at both test doses was able to significantly decrease the white blood cell count from blood and prolonged life span as compared to that of the EAC control group. One of the major criteria for judging clinically effective antineoplastic agents is that it should be able to prolong the survival and decrease the leukocyte count of blood of tumor bearing animals. 21, 22 It has been reported that a 25% or over increase in life span of EAC bearing animals is considered to be indicative of significant antitumor activity. 23 It can, therefore, be inferred that MECL significantly enhanced the life span of EAC bearing mice indicating its antitumor potential.
Cancer is a pathological state involving uncontrolled proliferation of tumor cells. Reduced volume of tumor and viable cells indicated a decrease in abnormal cell divisions, i.e. tumor proliferation. 17, 24 In cancer chemotherapy, the major problems are usually myelosuppression and anemia. 25 Results of the present study indicated that MECL dose dependently and significantly raised the erythrocyte count and hemoglobin content when compared to those of EAC control mice. The white blood cell count was significantly reduced as compared with that of EAC control mice. These indicated that MECL had less or no toxic effects on the blood and hematopoietic system, thereby maintaining a normal hematologic profile in EAC bearing mice. 3 Preliminary phytochemical studies indicated the presence of flavonoids, alkaloids, tannins and saponin in MECL. Flavonoids and tannins are well known polyphenolic natural antioxidants. The flavonoids present in citrus plants are thought to be the cause of their antitumor and anti-inflammatory effects. 5 Flavonoids have a chemopreventive role in cancer by means of their effect in signal transduction in cell proliferation and angiogenesis. 26 An in vitro antioxidant activity of MECL against different reactive oxygen and nitrogen species has already been established by the present authors. 27 This important property may be responsible for its antitumor activity against EAC in vivo.
As discussed above, the peel of C. limetta contains flavonoids, namely hesperidin and naringin. Hesperetin, which is the aglycone of hesperidin, has shown potent inhibitory action against dimethyl benza(a)anthracene induced mammary carcinoma in Sprague-Dawley rats and liver carcinoma in ICA mice. 28 Hesperetin also induced G1 phase cell cycle arrest in human breast cancer MCF-7 cells. 29 Hexane and ethanol extracts of sweet lime peel and seeds have also shown an inhibitory effect on Epstein-Barr virus activation. 30 Naringenin, which is the aglycone of naringin, has been proven to enhance the antitumor effect of doxorubicin by inhibition of multidrug resistance associated proteins. 31 Naringenin inhibitscatenin/Tcf signaling in gastric cancer although the mechanisms remain unknown. 32 The citrus flavonoids hesperetin differentially regulate low density lipoprotein receptor gene transcription in HepG2 liver cells. 33 Therefore, from the present study it can be concluded that fruit peel of Citrus limetta showed promising antitumor potential in Ehrlich ascites carcinoma bearing Swiss albino mice which can be attributed to its flavonoid content. This could serve as a stepping stone towards the discovery of newer safe and effective antitumor agents. 
